The genomic RNA (6.0 kb) and five subgenomic RNAs of 4-9, 4.0, 2.1, 1.4 and 0-8 kb were detected by Northern hybridization in leaves ofNicotiana clevelandii infected with daphne virus X (DVX). Also, five species of dsRNA specific to DVX were extracted from infected leaves. In denaturing gels the dsRNAs gave bands with mobilities similar to those of the genomic RNA and the 4.9, 4.0, 2.1 and 0-8 kb subgenomic RNAs. The single-stranded RNAs apparently contain a tract of poly(A) as shown by oligo(dT)-cellulose chromatography and by an increased mobility on agarose gels following digestion with RNase H in the presence of oligo(dT)l 2-~ 8. When added to reticulocyte lysate, DVX RNA directed the synthesis of a 160000 mol. wt. (160K) protein and several smaller proteins. The coat protein (26K) was identified by immunoprecipitation with antiserum to DVX particles among the translation products of poly(A)-containing RNA isolated from infected leaves. This protein (26K) was translated from the smallest subgenomic RNA (0-8 kb) but was not translated from fulllength DVX RNA isolated by centrifugation through formamide-sucrose gradients.
INTRODUCTION
The in vitro translation products of three potexviruses, potato virus X (PVX), papaya mosaic virus (PMV) and narcissus mosaic virus (NMV) have been described. PVX, the type member of the group, is a template for the synthesis in vitro of two major proteins of molecular weight (Mr) 180000 (180K) and 145K (Wodnar-Filipowicz et al., 1980; Wood & Oldfield, 1984) . The coat protein is not translated from the full-length genomic RNA, suggesting that it may be translated in vivo from an unencapsidated subgenomic RNA. However, this RNA has not yet been detected (Wood & Oldfield, 1984) . RNA isolated from purified particles of PMV is a template for the synthesis of a range of proteins up to 155K, but is a poor template for the synthesis of the coat protein (Bendena et al., 1985) . The competence of PMV RNA as a template in vitro for coat protein synthesis correlates positively with the degradation of intact PMV RNA. Similarly, the coat protein of PVX is translated in vitro from RNA extracted from virus particles apparently fragmented during purification (Wood & Oldfield, 1984) .
In contrast to PVX and PMV, which encapsidate only a single RNA species, NMV efficiently encapsidates two RNAs, the genomic RNA and a subgenomic RNA of 0.84 kb (Short & Davies, 1983) . The 0.84 kb RNA, unlike the genomic RNA, is an efficient template for the synthesis of the coat protein.
In this paper, we report on the RNA components and in vitro translation products of another potexvirus, daphne virus X (DVX). Evidence is presented that the coat protein is translated from a polyadenylated subgenomic RNA present in virus-infected tissue. mM-KCI, 250 pM-MgC12 and 50 to 200 ~tg/ml RNA (Forster & Morris-Krsinich, 1985) . Translation products were electrophoresed through 12.5°/polyacrylamide-SDS gels which were fluorographed.
Immunoprecipitation. DVX antiserum was produced as described by Forster & Milne (1978) . Immunoprecipitation was as described by Forster & Morris-Krsinich (1985) .
RESULTS

Analysis of D V X RNA isolated Jrom virus particles
A single species was observed when the R N A extracted from purified DVX particles was electrophoresed in denaturing formaldehyde gels and stained with acridine orange. Using alfalfa mosaic virus R N A (Cornelissen et al., 1983a, b; Barker et al., 1983 : Brederode et al., 1980 and tobacco ringspot virus R N A (Murant et al., 1981) as standards, the molecular size of DVX R N A was estimated to be 6.0 kb (Fig. I a) . No other discrete R N A species were detected in purified DVX particles by either ethidium bromide staining of R N A denatured with glyoxal or hybridization with randomly primed DVX c D N A (Fig. 1 b, lane 2) .
Approximately 70~o of the R N A extracted from purified DVX particles was retained on oligo(dT)-cellulose columns in buffers of high ionic strength, indicating the presence of a poly(A) tract. The poly(A) + R N A migrated more slowly and as a tighter band than the poly(A)-R N A on denaturing 1 ~o agarose gels (result not presented).
Gel analysis and hybridization of RNA from infected leaves
To determine whether leaf tissue infected with DVX contained DVX-specific R N A s other than the genomic R N A , the poly(A) + R N A fraction isolated from leaves 4 days after inoculation was electrophoresed on denaturing agarose gels and hybridized with randomly primed DVX cDNA. Six DVX-specific R N A species were observed ( Further evidence suggesting that the DVX R N A s were polyadenylated was obtained when a preparation of poly(A) ÷ R N A isolated from leaves 5 days after inoculation, was digested with RNase H (Fig. 2a, b) . In this preparation, only the three strongly hybridizing R N A s of 6.0, 4.9 and 0.8 kb were visible. When hybridized to oligo(dT)l 2-i 8 prior to RNase H digestion, all three R N A s showed increased mobility on denaturing agarose gels. The mobility shift of the 6.0 kb and the 0.8 kb R N A s was determined to correspond to a terminal poly(A) tract of approximately 100 nucleotides using bacteriophage 3, D N A digested with HindIII as a molecular size standard. The slight increase in mobility of the 4.9 kb R N A corresponded to the digestion of a poly(A) tract of approximately 50 nucleotides. The three R N A s were unaffected by RNase H digestion without prior hybridization to oligo(dT)12_l 8. Following RNase H digestion, the 0.8 kb R N A migrated as a tighter band. This sharpening is consistent with the elimination of a terminal poly(A) tract of heterogeneous size (Vournakis et al., 1975) .
Digestion of DVX R N A isolated from purified viral particles with RNase H resulted in an increased mobility identical to that observed for the 6.0 kb genomic species detected in infected leaves (Fig. 2a) .
It has been reported that degraded viral R N A can migrate as discrete bands when electrophoresed in the presence of plant ribosomal R N A s (Palukaitis et al., 1983; Hayes et al., 1984) . To establish whether the 0.8 kb to 4.9 kb R N A s of DVX were artefacts of either the electrophoresis or extraction procedures, viral R N A was added to cellular R N A which had 
Gel electrophoresis and hybridization of dsRNA extracted from virus-infected tissue
Double-stranded R N A isolated from leaves 4 days after infection was denatured, electrophoresed on formaldehyde gels and hybridized to DVX cDNA. Five hybridizing bands were observed (Fig. 3a, b, lane 2) . The largest band had a mobility equivalent to that of the genomic DVX R N A (6.0 kb). The other four bands were similar in size to the 4.9, 4.0, 2.1 and 0.8 kb poly(A) + subgenomic RNAs. At the R N A loadings used in our gels we found no evidence for a double-stranded counterpart to the 1.4 kb R N A seen in Fig. 3 (b) . Following photographic reproduction, neither the single-nor double-stranded 4 kb R N A observed on the autoradiographs was visible. The bands in lane 2 were shown to be d s R N A by their resistance to DNase I and sensitivity to RNase A in low salt (0.1 × SSC) but not in high salt (2 x SSC) conditions (results not presented). Uninoculated N. clevelandii leaves did not contain any dsRNA species detectable by c D N A hybridization.
In vitro translation products of DVX RNA DVX R N A isolated from purified particles directed the synthesis mainly of a 160K protein and a series of smaller proteins (Fig. 4, lanes 1 and 2) . Some of the smaller proteins varied in amount between R N A preparations and may have arisen from the translation of contaminating fragmented viral R N A (Pelham, 1979) . A protein of 26K was translated from unfractionated viral R N A (Fig. 4 , lane 2) but this protein was not observed among the translation products of full-length R N A fractionated on formamide-sucrose gradients (Fig. 4, lane 1) .
In vitro translation products of RNA from infected leaves
R N A from the poly(A) + fraction isolated from leaves 4 or 5 days after inoculation directed the synthesis in vitro of a range of proteins including a predominant protein of 26K and a protein of 160K (Fig. 4, lane 3) . In contrast, the translation products of poly(A) + R N A from uninfected To determine whether the 26K protein was the DVX coat protein, the translation products of poly(A) ÷ leaf RNA were immunoprecipitated with DVX antiserum (Fig. 4, lane 4) . The 26K protein was precipitated from the translation products of poly(A) + RNA from infected but not from uninfected leaves. The 26K protein was also immunoprecipitated from the translation products of unfractionated RNA isolated from virus particles. No proteins were immunoprecipitated with pre-immune serum.
Hybrid selection and translation of the 0.8 kb RNA
The poly(A) + RNA fraction isolated from 4 day-infected leaves was electrophoresed on a low melting point agarose gel. The 0.8 kb subgenomic RNA was eluted from the gel, purified by hybrid selection and translated in MDL. Only a single protein of 261(. was observed when the translation products were analysed by PAGE (Fig. 4, lane 5) .
DISCUSSION
In this paper, we demonstrate that leaves infected with DVX contain five DVX-specific RNA species of 4.9, 4.0, 2.1, 1.4 and 0-8 kb in addition to the 6.0 kb genomic species. Evidence from two sources suggests that the subgenomic RNAs occur naturally in infected cells and are neither artefacts of the gel electrophoresis system, nor degradation products produced during extraction of the RNA from infected tissue. Firstly, dsRNAs specific to DVX were detected in infected leaves using cDNA probes. These dsRNAs correspond approximately in size to the 6.0, 4.9, 4.0, 2.l and 0.8 kb DVX RNAa detected in the poly(A) ÷ RNA fraction extracted from infected leaves. Similarly, dsRNAs corresponding to the genomic and subgenomic RNAs of tobacco mosaic virus have been detected in infected tobacco cells (Palukaitis et al., 1983) . Secondly, the addition of genomic RNA to RNA preparations from uninfected N. clevelandii prior to electrophoresis, and to uninfected leaves prior to RNA extraction, did not result in the appearance of any DVX RNA species other than the genomic RNA.
The 0.8 kb RNA is probably the messenger for DVX coat protein. The coat protein is apparently not synthesized from full-length genomic RNA fractionated on formamide-sucrose gradients but is translated from the 0.8 kb RNA. The relatively small amount of coat protein synthesized from unfractionated RNA extracted from purified virus particles may be due to the translation of either an inefficiently encapsidated mRNA for the coat protein or to the translation of RNA molecules fragmented during extraction.
On the basis of binding to oligo(dT)-cellulose and digestion with RNase H in the presence of oligo(dT) l z_l 8 we suggest that DVX RNA possesses a substantial poly(A) tract at or near the 3' terminus. The genomic RNAs of three other potexviruses, white clover mosaic virus (results not presented), clover yellow mosaic virus and PMV (Abouhaidar, 1983) also possess 3' terminal poly(A) tracts. In contrast, PVX lacks a substantial poly(A) tract as determined by its inability to bind to poly(U)-Sepharose (Sonenberg et al., 1978) .
Polyadenylated subgenomic RNAs are uncommon in plant viruses. They have, however, been reported for the hordeivirus, barley stripe mosaic virus (Stanley et al., 1984) and for the negative sense plant rhabdovirus, sonchus yellow net virus (Rezaian et al., 1983) . Tobacco etch virus has been reported to produce 10 minor polyadenylated RNA species (Otal & Hari, 1983) , but these RNAs may be artefacts of the electrophoresis procedure (Dougherty, 1983) .
Although enriched in the poly(A) ÷ fraction of RNA extracted from infected leaves, the more abundant 6-0 kb and 0.8 kb RNAs were observed in low concentrations in the poly(A)-fraction (results not shown). This observation may be explained by the presence of short poly(A) sequences of insufficient length to bind these RNAs to the oligo(dT)-cellulose column (Agranovsky et al., 1983) .
Members of the positive-sense animal coronaviruses and alphaviruses synthesize polyadenylated 3' co-terminal subgenomic RNAs (Clegg & Kennedy, 1974; Stern & Kennedy, 1980) . Similarly, the subgenomic RNAs of the positive-sense plant viruses, tobacco necrosis virus (Condit & Fraenkel-Conrat, 1979 ) and tobacco mosaic virus (Goelet & Karn, 1982; Palukaitis, et al., 1983) , although not polyadenylated, are also 3' co-terminal. By analogy with these viruses, it is likely that the DVX RNAs are also 3' co-terminal. Further, because the smallest detectable DVX RNA (0.8 kb RNA) apparently encodes the coat protein, this gene probably maps to the 3' terminus of the genome, the position of coat protein genes of several other plant viruses (Joshi & Haenni, 1984) . The biological significance of the 4.9, 4-0, 2-1 and 1.4 kb RNAs of DVX is not known.
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